We compared the effects of non-gelatinized rice and corn starches on the life-span of ICR mice. Six groups of male ICR mice consisting of 30 animals each were maintained on purified experimental diets containing either corn or rice starch and different amounts of soybean oil (6, 12 or 24%) throughout their life-time. Plots of the survival rates of the mice indicate that rice compared to corn starch conferred a longer life-span to ICR mice, although a significant difference due to the starch type was only observed in the mice fed on the 24% fat diet (p ¼ 0:012). A divergent effect of rice and corn starches on the survival rate was apparent when observations were combined with respect to the starch type regardless of the dietary fat level (p ¼ 0:005). In addition, two-way ANOVA data indicate that the mean survival time was longer for the mice given rice starch (593-645 days) than for those fed corn starch (538-580 days) (p ¼ 0:011). However, no significant difference in these parameters due to dietary fat levels was observed. The results of our study indicate that starch type is one of the determinants of longevity in mice.
Studies have indicated that various dietary factors affect the longevity of experimental animals. Numerous studies made on a variety of animal species including mice, rats, flies, worms, and yeast have demonstrated that calorie restriction increased the life-span. 1, 2) The results from studies on monkeys also suggest that the mortality rate would be lower in calorie-restricted animals than control subjects. 3, 4) In addition, available information indicates that the type and amount of nutrients are determinants of the life-span in experimental animals. Reports have suggested that the levels and types of fat [5] [6] [7] and protein 8, 9) in the diet affected the life-span of rodents. The type of dietary carbohydrate also appears to influence the life-span of rodents. [10] [11] [12] However, information on the effect of dietary carbohydrate on the longevity of experimental animals remains scarce, and no study on the impact of dietary starch type on life-span has hitherto been available. We therefore compare in the present study the effect of starches from corn and rice on the life-span of male ICR mice, and find evidence for the latter compared with the former increasing the longevity of the animals regardless of the dietary fat level.
Materials and Methods
Materials. Non-gelatinized corn and rice starches were products of Kanto Chemical Co. (Tokyo, Japan) and Shimada Chemical Co. (Niigata, Japan), respectively. The makers' statements indicated that the ash and protein contents of each of these starches were respectively less than 0.2% and 0.3%. The mean particle size was considerably lower in the rice starch (4.9 mm) than in the corn starch (12.4 mm). Soybean oil was purchased from Kanto Chemical Co., and vitamin and mineral mixtures (AIN-93G) recommended by the American Institute of Nutrition 13) were purchased from Nihon Nosan Industry Co. (Tokyo, Japan).
Animals and diets. The experiment was conducted under pathogen-free conditions. The room used to maintain the animals was environmentally controlled (temperature, 22 AE 3 C; and humidity, 50 AE 20%) with a light-dark cycle of 12 h (lights on from 8:00 h to 20:00 h). Male mice of the ICR strain at 7 weeks of age were obtained from Charles River Japan Co. (Kanagawa, Japan) and fed on a commercial diet (CRF-1; Oriental Yeast Co., Tokyo, Japan). The ICR mouse was originally developed as a hardy outbred breed in 1948, and is one of the most widely used of all inbred strains (http://www.usouthal.edu/ishr/help/mouseinfarct/). This strain is characterized by its good reproductive performance and rapid growth rate, and hence is well suited for nutritional studies. After 7 d of acclimatization in our housing conditions, the animals were randomly divided into 6 groups consisting of 30 animals each, and fed on the experimental diets containing either corn or rice starch and different amounts of soybean oil (6, 12 or y To whom correspondence should be addressed. Fax:+81-29-838-7996; E-mail: idetaka@nfri.affrc.go.jp 24%) ( Table 1 ). The animals were housed five per cage and had free access to the relevant experimental diet and water throughout the experiment. Feed was served in the form of powder from a food container covered with a plastic hood (Roden CafeÔ; Oriental Yeast Co., Tokyo, Japan) to minimize any spillage. An increasing amount of soybean oil was added to the diets in lieu of carbohydrate. We used -corn starch and sucrose in addition to corn or rice starch as the carbohydrate sources. The amounts of these carbohydrate sources were proportionally reduced with increasing amount of soybean oil in the diets. We selected appropriate dietary conditions to sustain the longevity of the animals. Soybean protein was used as a dietary protein source in the present study, because information 9) indicated that soybean protein compared with casein increased the lifespan of senescence-accelerated mice accompanying decreased amyloid deposition. We also employed a relatively low dietary protein level (16%) as mortality has been reported to be lower in mice fed on a diet low in protein (4% casein) than in animals fed on a highprotein diet (26% casein), 8) despite the optimal dietary protein level to sustain longevity in mice not yet having been established. As soybean protein is low in sulfur amino acids, all the experimental diets were supplemented with 0.5% DL-methionine to fulfill the nutritional requirements of the animals. We used soybean oil as a dietary fat source in the present study, information 6, 7) having indicated that the life-span was longer of rats fed on soybean oil than on animals fed on other fat sources. The mice were handled according to the guide-lines recommended by the experimental animal committee of the National Food Research Institute.
Statistical analysis. StatView for Macintosh (SAS Institute Inc., Cary, NC, U.S.A.) was used for the statistical analysis. Survival rates were calculated by the Kaplan-Meier method, and the significance of differences due to dietary treatment was estimated by using the Breslow-Gehan-Wilcoxon test. The data for growth parameters and mean survival time were analyzed by two-way ANOVA to establish the effects of dietary fat level and starch type or any interaction between these two factors. When two-way ANOVA revealed the interaction between two factors to be significant, the data were reanalyzed by one-way ANOVA, and all the differences of means were inspected by using Fisher's test. Differences were considered significant when p < 0:05. Table 2 summarizes the growth parameters of the mice during 0-29, 29-61, 61-120, 120-169, 169-336, 336-491 and 491-698 d of the experiment. The first incidence of death was observed at 179 d of the experimental period for a mouse fed on a diet containing rice starch and 12% soybean oil. The last observation for body weight and food intake of the animals before this incident was made on 169 d of the experimental period. The number and mean body weight of animals surviving at the end of each experimental period, as well as the average daily calorie intake in each period are given. In addition, the growth rate and food efficiency are shown for the experimental periods of 0-29, 29-61, 61-120 and 120-169 d. The daily calorie intake of the mice generally increased as the dietary fat level increased throughout the entire experimental period. The body weight at the end of each experimental period was the highest with the 24% fat diet, intermediate with 12% and lowest with the 6% fat diets, except for the several exceptions, and significant effects of the fat level were confirmed after 61, 120, 169 and 491 d of the experiment. Significant dietary fat level effects on the growth rate were also observed during 29-61 and 61-120 d of the experiment. In addition, the food efficiency during the growing periods (0-29, 29-61 and 61-120 d) was higher in the mice fed on the 24% fat diet than in the other groups, apart from one exception (the mice fed on corn starch during 0-29 d of the experiment). Therefore, not only the increase in calorie intake but also of the food efficiency may have contributed to the greater growth rate during the growing period of the mice given the 24% fat diets. However, the starch type was irrelevant to the growth parameters of the mice, a significant effect of the starch type only being apparent on two occasions (body weight at 336 d and growth rate during 120-169 d).
Results and Discussion
The survival rates calculated by using the KaplanMeier method for the mice fed on the diets containing corn or rice starch and varying amounts of soybean oil (panels A, B and C for mice fed on the 6, 12 and 24% soybean oil diets, respectively) are summarized in Fig. 1 . The p values for differences in the curves dependent on the dietary starch source estimated with the Breslow-Gehan-Wilcoxon test are also given. The plots for the survival rates indicate that rice compared to corn starch conferred a longer life-span in the ICR mice. However, a significant difference dependent on the dietary starch source was detected in those mice fed on the 24% fat diet, but not in the animals fed on the 6% Each value represents the mean AE SE. Average values are shown for food intake and food efficiency. The data for body weight and growth were analyzed by two-way ANOVA to establish the effects of dietary fat level and starch type or any interaction between these two factors. When two-way ANOVA revealed significant interaction between the two factors, the data were reanalyzed by one-way ANOVA, and all the differences of means were inspected by Fisher's test.
ab Mean values with unlike superscripts are significantly different at p < 0:05. and 12% fat diets. The failure to detect a significant difference depending on the starch source in the mice given the 6% and 12% fat diets may have been a consequence of the limited number of observations. We therefore combined the survival data for the ICR mice with respect to the starch source regardless of the dietary fat level to clarify the divergent effects of the corn and rice starches on the life-span (panel D of Fig. 1 ). The result of the statistical examination with the BreslowGehan-Wilcoxon test of the curve for the survival rate (p ¼ 0:005) revealed that rice compared to corn starch more strongly affected the longevity of the ICR mice. In contrast, no significant difference dependent on dietary fat level was apparent in the mice fed on the corn or rice starch. The mice fed on the corn starch diet produced pvalues for the difference in survival rate estimated by the Breslow-Gehan-Wilcoxon test as follows: 6% soybean oil group vs. 12% and 24% soybean oil groups, p ¼ 0:439 and 0.922, respectively; and 12% soybean oil group vs. 24% soybean oil group, p ¼ 0:385. The corresponding values were p ¼ 0:196, 0.313 and 0.472, respectively, for the mice fed on the rice starch diets. When the observations were combined regardless of the starch source, the p values were as follows: 6% soybean oil group vs. 12% and 24% soybean oil groups, p ¼ 0:177 and 0.504, respectively; and 12% soybean oil group vs. 24% soybean oil group, p ¼ 0:412.
The mean survival times of the mice fed on the diets containing corn and rice starches with differing amounts of dietary soybean oil are shown in Fig. 2 . The data indicate that rice compared to corn starch conferred a longer mean survival time, irrespective of the dietary fat level. In fact, two-way ANOVA showed that there was a significant effect of starch type on the mean survival time (p ¼ 0:011), although there was no significant effect dependent on the dietary fat level or interaction between the two factors, i.e., starch type and dietary fat level. Previous studies have indicated that various nutritional factors affected the longevity of rodents. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Although information is scarce, the type of dietary carbohydrate appeared to be a determinant of the lifespan. It has been reported that carbohydrate given either as sucrose or as glucose, compared with starch, decreased the life-span of rats 10, 11) and mice. 12) The results of the present study present evidence for the dietary starch type also being a determinant of the life-span of mice.
Observational studies 14) indicate that the dietary fat level is a crucial factor affecting the life expectancy of humans, despite the lack of evidence from animal experiments to support this notion. In the present study, we therefore compared the effects of dietary corn and rice starches on the life-span of mice fed with different levels of dietary fat. Although we failed to observe any significant effect of dietary fat level on longevity, we did detect an effect of the starch type. It is still possible that the dietary fat level interacts with the starch type to affect the longevity of mice, because the effect of starch type on the survival rate was most prominent in the mice fed with the 24% fat diet. However, the result of twoway ANOVA of the mean survival time does not support any interaction between the fat level and starch type.
It has been well demonstrated that calorie restriction increased the life-span of various animal species. [1] [2] [3] [4] It is possible that an altered calorie intake due to differences in intestinal absorbability could account for the divergent effects of corn and rice starches on the longevity of mice. We used raw starches in the present study, previous studies on rats having indicated that the intestinal absorption of corn and rice starches was comparable regardless of the degree of gelatinization. 15, 16) It is therefore unlikely that there would be any difference in calorie intake between mice fed on corn and rice starches. Consistent with this consideration, the dietary starch type had hardly any effect on the growth parameters of mice in the current study. Fukuda et al. have also reported that the growth was comparable between rats fed on non-gelatinized corn and rice starches. 16) Although the exact mechanism by which a dietary treatment affects the life-span are still being debated, studies have indicated that dietary factors which sustain longevity cause changes in various markers of aging, and in parameters of immunological, hormonal and metabolic processes. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Therefore, the starch type may affect parameters of physiological processes and consequently alter the life-span, although information related to this topic is scarce. Some human studies [17] [18] [19] using cooked meals as starch sources have indicated that rice starch compared to other starches, including corn starch, caused less glucose and insulin response in the blood of humans. Our preliminarily study with gelatinized starches showed that rice starch compared to corn starch significantly lowered the body weight and epididymal adipose tissue weight in ddY mice (unpublished observation, Yamaki et al.). We also observed that rice starch compared to corn starch reduced the serum leptin concentration, but did not affect the serum levels of glucose, insulin and adiponectin. However, the different effects of rice and corn starches observed in these studies using cooked meals or gelatinized starch samples may not be relevant to our present study, in which raw starch samples were used as dietary ingredients. Information has indicated that both raw and gelatinized starches from various cereals and legumes, except those from potato and sweet potato, were well digested and almost quantitatively absorbed from the intestines of rats. 15, 16, 20) It has also been demonstrated that the gelatinization of dietary starches affected the glycemic response 21) and intestinal enzyme activity in rats. 22) Given these observations, it is necessary to compare the effects of starches of various origins on the various physiological processes to understand the mechanism behind the divergent effects of corn and rice starches on the life-span of mice. It is also required to examine the effect of the degree of starch gelatinization on the life-span and on various physiological parameters, inasmuch as humans consume starches as cooked meals.
